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METHOD AND APPARATUS FOR LOCATING AN 
OBJECT OF INTEREST WITHIN AN IMAGE 

TECHNICAL FIELD 

0001. The present invention is directed generally to 
machine vision systems and is particularly directed to a 
method and apparatus for locating an object within an 
image. The present invention is particularly useful in occu 
pant restraint Systems for object and/or occupant classifica 
tion and tracking. 

BACKGROUND OF THE INVENTION 

0002 Actuatable occupant restraining systems having an 
inflatable air bag in vehicles are known in the art. Such 
systems that are controlled in response to whether the seat is 
occupied, an object on the seat is animate or inanimate, a 
rearward facing child seat present on the seat, and/or in 
response to the occupant's position, weight, size, etc., are 
referred to as Smart restraining systems. One example of a 
Smart actuatable restraining system is disclosed in U.S. Pat. 
No. 5,330,226. 

0003. Many smart actuatable restraint systems rely on 
machine vision systems and pattern recognition systems to 
locate the position of an occupants head. An occupants 
head can be identified within an image of the vehicle interior 
and its position within the vehicle can be determined accord 
ing to the known positions and orientations of one or more 
cameras. The actuation of the restraint system can be con 
trolled in response to the determined head position as to 
increase the effectiveness of the actuatable restraint system. 

SUMMARY OF THE INVENTION 

0004. In accordance with one aspect of the present inven 
tion, a system is provided for identifying a position of a head 
of a vehicle occupant from a plurality of images of a vehicle 
interior. Image data is translated from the plurality of images 
to produce a virtual side view image of the vehicle interior. 
A largest grouping of pixels in the side view image having 
values within a desired range is identified. The grouping 
includes a plurality of pixel columns. A contour comprising 
uppermost pixels of each pixel column is produced and 
peaks are located within the contour. The contour peaks are 
analyzed according to a heuristic Voting algorithm to iden 
tify a peak location associated with the head of the vehicle 
Occupant. 

0005. In accordance with another aspect of the present 
invention, a method is provided for controlling an actuatable 
occupant protection system. An image generator generates at 
least two images of a vehicle occupant. A virtual image 
generator produces a virtual side view image of the vehicle 
occupant from the generated image. A blob finder selects a 
largest grouping of pixels in the virtual side view image. A 
peak identifier locates a plurality of peaks along the upper 
most contour of the selected grouping of pixels. An arbitra 
tor selects one of the plurality of peaks according to deter 
mined characteristics of the peak. 
0006. In accordance with yet another aspect of the 
present invention, a computer program product, imple 
mented in a computer readable medium and operative in a 
data processing system, is provided for editing an image of 
a vehicle interior to isolate the occupant of a vehicle seat. A 
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contour generator produces a contour image from one or 
more generated images. A model selector selects a contour 
model from a plurality of contour models according to the 
contour image and an associated selection algorithm. An 
image editor edits the generated image to remove a portion 
of the image representing the vehicle seat according to the 
selected contour model. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0007. The foregoing and other features and advantages of 
the present invention will become apparent to those skilled 
in the art to which the present invention relates upon reading 
the following description with reference to the accompany 
ing drawings, in which: 

0008 FIG. 1 is a schematic illustration of an actuatable 
restraining system in accordance with an exemplary embodi 
ment of the present invention; 
0009 FIG. 2 is a schematic illustration of a stereo camera 
arrangement for use with the present invention; 
0010 FIG. 3 illustrates a head location system in accor 
dance with an aspect of the present invention; 
0011 FIG. 4 illustrates a head tracking system for an 
actuatable occupant restraint system; 
0012 FIG. 5 illustrates a methodology for tracking the 
head of an occupant to control an occupant protection 
System: 

0013 FIG. 6 illustrates a methodology for generating a 
virtual image of a vehicle occupant from a plurality of 
images: 

0014 FIG. 7 illustrates a methodology for selecting 
between a plurality of head candidate peaks in accordance 
with an aspect of the present invention; 
0015 FIG. 8 illustrates a computer system that can be 
employed to implement systems and methods described 
herein, Such as based on computer executable instructions 
running on the computer system. 

DESCRIPTION OF PREFERRED EMBODIMENT 

0016 Referring to FIG. 1, an exemplary embodiment of 
an actuatable occupant restraint system 20, in accordance 
with the present invention, includes an air bag assembly 22 
mounted in an opening of a dashboard or instrument panel 
24 of a vehicle 26. The air bag assembly 22 includes an air 
bag 28 folded and stored within the interior of an air bag 
housing 30. A cover 32 covers the stored air bag and is 
adapted to open easily upon inflation of the air bag 28. 
0017. The air bag assembly 22 further includes a gas 
control portion 34 that is operatively coupled to the air bag 
28. The gas control portion 34 may include a plurality of gas 
Sources (not shown) and vent valves (not shown) for, when 
individually controlled, controlling the air bag inflation, 
(e.g., timing, gas flow, bag profile as a function of time, gas 
pressure, etc.). Once inflated, the airbag 28 may help protect 
an occupant 40, Such as a vehicle passenger, sitting on a 
vehicle seat 42. Although the embodiment of FIG. 1 is 
described with regard to a vehicle passenger seat, it is 
applicable to a vehicle driver seat and back seats and their 
associated actuatable restraining systems. The present 
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invention is also applicable to the control of side actuatable 
restraining devices and to actuatable devices deployable in 
response to rollover events. 

0018. An air bag controller 50 is operatively connected to 
the air bag assembly 22 to control the gas control portion 34 
and, in turn, inflation of the airbag 28. The air bag controller 
50 can take any of several forms such as a microcomputer, 
discrete circuitry, an application-specific-integrated-circuit 
(“ASIC), etc. The controller 50 is further connected to a 
vehicle crash sensor 52, such as one or more vehicle crash 
accelerometers. The controller monitors the output signal(s) 
from the crash sensor 52 and, in accordance with an air bag 
control algorithm using a deployment control algorithm, 
determines if a deployment event is occurring (i.e., an event 
for which it may be desirable to deploy the air bag 28). There 
are several known deployment control algorithms respon 
sive to deployment event signal(s) that may be used as part 
of the present invention. Once the controller 50 determines 
that a deployment event is occurring using a selected crash 
analysis algorithm, for example, and if certain other occu 
pant characteristic conditions are satisfied, the controller 50 
controls inflation of the air bag 28 using the gas control 
portion 34, (e.g., timing, gas flow rate, gas pressure, bag 
profile as a function of time, etc.). 
0019. The air bag restraining system 20, in accordance 
with the present invention, further includes a stereo-vision 
assembly 60. The stereo-vision assembly 60 includes stereo 
cameras 62 preferably mounted to the headliner 64 of the 
vehicle 26. The stereo-vision assembly 60 includes a first 
camera 70 and a second camera 72, both connected to a 
camera controller 80. In accordance with one exemplary 
embodiment of the present invention, the cameras 70, 72 are 
spaced apart by approximately 35 millimeters (“mm), 
although other spacing can be used. The cameras 70, 72 are 
positioned in parallel with the front-to-rear axis of the 
vehicle, although other orientations are possible. 

0020. The camera controller 80 can take any of several 
forms such as a microcomputer, discrete circuitry, ASIC, etc. 
The camera controller 80 is connected to the air bag con 
troller 50 and provides a signal to the air bag controller 50 
to provide data relating to various image characteristics of 
the occupant seating area, which can range from an empty 
seat, an object on the seat, a human occupant, etc. Herein, 
image data of the seating area is generally referred to as 
occupant data, which includes all animate and inanimate 
objects that might occupy the occupant seating area. The air 
bag control algorithm associated with the controller 50 can 
be made sensitive to the provided image data. For example, 
if the provided image data indicates that the occupant 40 is 
an object, such as a shopping bag, and not a human being, 
actuating the air bag during a crash event serves no purpose. 
Accordingly, the air bag controller 50 can include a pattern 
recognition classifier assembly 54 operative to distinguish 
between a plurality of occupant classes based on the image 
data provided by the camera controller 80 that can then, in 
turn, be used to control the air bag. 

0021 FIG. 2 is a schematic illustration of the cameras 70 
and 72 of the imaging device 61. The cameras 70 and 72 
may be of any several known types. For example, the 
cameras may be charge-coupled devices (“CCD) or 
complementary metal-oxide semiconductor (“CMOS) 
devices. Preferably, the cameras 70 and 72 take two-dimen 
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sional, grayscale images of the passenger compartment 31 of 
the vehicle 26. In one exemplary embodiment of the present 
invention, the cameras 70 and 72 are wide spectrum 
response cameras that cover the visible and near-infrared 
spectrums. 

0022. The cameras 70 and 72 are spaced apart from one 
another so as to enable the cameras to be used for deter 
mining a distance, also called a “range.” from the cameras 
to an object. The object is shown schematically in FIG. 2 
and is indicated by reference numeral 94. The distance 
between the cameras 70 and 72 and the object 94 may be 
determined by using triangulation. The cameras 70 and 72 
have different views of the passenger compartment 31 due to 
the position of the object 94 relative to each camera 70 and 
72 being different. As a result, the object 94 is located at a 
different position in the image obtained by camera 70 than 
in the image obtained by camera 72. The difference in the 
positions of the object 94 in the images is referred to as 
“disparity. To get a proper disparity between the images for 
performing triangulation, it is desirable for the cameras 70 
and 72 to be positioned so that the object 94 to be monitored 
is within the horopter of the cameras. 
0023 Camera 70 includes a lens 100 and a pixel array 
110. Likewise, camera 72 includes a lens 102 and a pixel 
array 112. Since the cameras 70 and 72 are located at 
different positions relative to the object 94, an image of the 
object 94 formed on the pixel array 110 of camera 70 differs 
from an image of the object 94 formed on the pixel array 112 
of camera 72. The distance between the viewpoints of the 
cameras 70 and 72 (i.e., the distance between the lenses 100 
and 102), is designated “b' in FIG. 2. The focal length of the 
lenses 100 and 102 of the cameras 70 and 72 is designated 
as “f” in FIG. 2. The lenses 100 and 102 of the cameras 70 
and 72 of FIG. 2 have the same focal lengths. The horizontal 
distance from the image center on the pixel array 110 and the 
image of the object 94 on the pixel array 110 of camera 70 
is designated “dl” in FIG. 2. The horizontal distance from 
the image center on the pixel array 112 and the image of the 
object 94 on the pixel array 112 for the camera 72 is 
designated “dr” in FIG. 2. Preferably, the cameras 70 and 72 
are mounted so that they are in the same image plane. The 
difference between d1 and dr is referred to as the “image 
disparity' and is directly related to the distance, designated 
“r” in FIG. 2, to the object 94 where the distance r is 
measured normal to the image plane of cameras 70 and 72 
from a location V on the image plane. It will be appreciated 
that 

r=hfa, where d=di-dr 

0024. From equation 1, the distance r to the object 94 as 
a function of disparity of the images from cameras 70 and 72 
can be determined. It should be appreciated that the distance 
r is an inverse function of disparity. 

(Equation 1) 

0.025 Referring to FIG.3, an object location system 120 
in accordance with an aspect of the present invention is 
shown. It will be appreciated that one or more portions of the 
system 120 can be implemented as computer software on a 
general purpose processor. The system 120 includes an 
image generator 122 that obtains images of a Subject of 
interest. For example, the image generator 122 can include 
one or more sensors that are configured to obtain an image 
of the Subject. During image generation, the image or 
images from the one or more sensors can be preprocessed to 
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increase the associated dynamic range of the images and to 
remove static background elements. In an exemplary 
embodiment, the image generator 122 can produce a stereo 
disparity map from the outputs of two or more sensors. 
0026. The output of the image generator 122 is provided 
to a virtual image generator 124 that generates virtual 
images from the output of the image generator 122. For 
example, the virtual image generator 124 can utilize the 
images from the image generator 122 and depth information 
from an associated Stereo disparity map to produce at least 
one virtual image of the occupant from a desired perspec 
tive. For example, the image data can be used to generate a 
virtual side view image, containing depth information 
related to the imaged surface of the subject of interest and 
the background. 
0027. The virtual image is then provided to an object 
locator 126 that locates one or more candidate objects within 
the virtual images. In an exemplary implementation of the 
system in a head tracking algorithm the object locator 
identifies a largest grouping of continuous pixels within the 
generated image. For example, pixel groupings, or blobs, 
can be defined according to their associated intensity values 
or depth values. The largest blob is likely to be associated 
with a vehicle occupant. A plurality of peaks are then 
identified within the determined contour, with each of the 
peaks representing a potential head candidate. It will be 
appreciated, however, that the operation of the object locator 
126 will vary depending on the nature of the object of 
interest. 

0028. The identified candidate objects are evaluated at an 
arbitrator 128. The arbitrator 128 evaluates the identified 
candidate objects according to a plurality of rules to deter 
mine which candidate object is most likely to represent the 
object of interest. For example, the arbitrator 128 can 
include a voting algorithm that assigns points to each 
candidate object according to associated characteristics of 
the object of interest and selects the candidate object having 
the greatest number of points as the object of interest. The 
located object of interest can be segmented from the image 
and provided to a classification system for classification. 
Alternatively, the determined location can be reported to a 
control system for an occupant protection system. 
0029 FIG. 4 illustrates an exemplary head tracking sys 
tem for an actuatable occupant restraint system. The system 
150 includes a plurality of image sensors 152 and 154, each 
of which is operative to produce a two-dimensional image of 
a desired subject. It will be appreciated that the sensors can 
be of any appropriate design for a given application and can 
image a subject from reflected infrared, ultraviolet, and other 
electromagnetic radiation as well as light within the human 
visible spectrum. The sensors 152 and 154 are spaced apart 
by a desired distance to enable the cameras to be used for 
Stereo imaging. 
0030 The images output from the two sensors 152 and 
154 are provided to respective image preprocessors 156 and 
158. Each of the preprocessors (e.g., 156) processes a 
received image to improve the quality of the image and to 
remove undesired portions of the image. For example, a 
static background associated with the position of a given 
camera can be subtracted from the image to leave an image 
of the seat and its occupant. Other processing can be 
performed to eliminate obvious noise from the image and 
increase its dynamic range. 
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0031. The preprocessed images are provided to a dispar 
ity processing component 160. The disparity processing 
component 160 combines corresponding images from the 
sensors to produce a stereo disparity map associated with the 
two or more sensors, as described above in FIG. 2. The 
Stereo disparity map is then provided to virtual image 
generator 162, which generates virtual images from the 
disparity image and the output of the sensors 152 and 154. 
The virtual image generator 162 can utilize the images from 
the sensors 152 and 154 and the depth information from the 
Stereo disparity map to produce a virtual image of the 
occupant from a desired perspective. For example, the 
sensor data can be used to generate a virtual side view 
image, containing depth information related to the imaged 
Surface of the occupant, the seat, and the background of the 
Occupant. 

0032. The virtual side view image of the occupant can be 
provided to a blob finder 164. The blob finder 164 locates a 
largest grouping of contiguous pixels within the side view 
image having depth values within a desired range. For 
example, the range can be set to an approximate depth of the 
occupant such that the background of the vehicle (e.g., the 
door and side columns) is excludes from the blob, but the 
occupant, the seat, and any other objects in the immediate 
vicinity of the seat are included in the blob. The determined 
blob is then provided to an up contour generator 166. The up 
contour generator 166 produces a contour of the upper edge 
of the blob, comprising the uppermost pixel of each of a 
plurality of columns comprising the blob. 
0033. The generated up contour is provided to a low pass 

filter 168 that smoothes the contour according to an asso 
ciated filter width. For example, the filter width can be 
calculated as the average width of an adult human head (e.g., 
150 mm) divided by a scaling factor that is based on the 
width of the image. The filtered image is then provided to a 
peak identifier 170 that finds a plurality of peaks within the 
contour that serve as head candidates. Pixels that represent 
local maximums in height can be selected according to an 
associated selection algorithm. For example, peaks that do 
not have a desired shape (e.g., that exceed a threshold value 
of the width or height), can be excluded from the analysis. 
These peaks serve as head candidates for the head location 
algorithm. 

0034. The determined peaks are provided to a voting 
arbitrator 172. The voting arbitrator 172 assigns points to the 
various peaks according to associated characteristics of the 
image in the region of the peaks. For example, points can be 
assigned according to the height of the peak, its position in 
relation to the centroid of the blob, its depth (e.g., width in 
a front view perspective), its perceived solidity (e.g., amount 
of the disparity image filled), and the Smoothness of its 
trajectory, as determined according to data from previously 
selected peaks provided from a system control 174. It will be 
appreciated that negative points can be assigned to the peaks 
for characteristics that indicate that the peak is not the 
occupants head. The peak receiving the most points is 
selected as a rough location for the occupants head. 
0035. This rough location is provided to a coarse edge 
search component 176. The coarse edge search attempts to 
locate the front edge of the occupants head. For example, 
the edge can be detected via an edge detection algorithm, 
such as the Canny or Sobel edge detection algorithms. For 
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example, a range of 150 mm. can be established below the 
peak and the area forward of this range can be scanned for 
an edge. An edge can be defined as a point in which the 
intensity of the image changes by more than fifty percent for 
more than two consecutive pixels. Once the edge is located, 
the determined location is provided to a fine edge search 
component 178. The fine edge search 178 searches a region 
defined by the coarse edge search via a progressive edge 
search. Each time the search region is refined, a higher 
resolution virtual image can be retrieved from the virtual 
image generator 162. The refined image is then searched 
again, until an edge has been located to a desired degree of 
accuracy. The depth position of the edge can then be 
determined according to the average disparity across the 
determined edge. 

0036 FIG. 5 illustrates a methodology 200 for tracking 
the head of an occupant to control an occupant protection 
system. The methodology begins at step 210, where a 
plurality of images are generated for analysis. For example, 
images of a vehicle occupant can be generated from a 
plurality of cameras configured to image the occupant from 
different angles. Virtual images, representing a front view 
(e.g., a view from the front of the vehicle), and a side view 
of the occupant can then be generated from the images at 
step 220. The generation of the virtual image is discussed in 
further detail in FIG. 6 below. 

0037. At step 230, a largest blob of contiguous pixels 
within the side view virtual image is identified. At step 240, 
an up contour is generated representing the blob. The up 
contour can comprise the uppermost pixel of each column of 
pixels comprising the blob. The up contour is then filtered at 
step 250, using a low pass filter having a width approxi 
mately equal to the expected width of a human within the 
image. This has the effect of Smoothing Smaller peaks, 
leaving peaks that are approximately the expected size of a 
human head. The remaining peaks within the contour are 
then identified as potential head candidates at step 260. 

0038. At step 270, the identified peaks are evaluated 
according to a heuristic Voting algorithm and one of the 
plurality of peaks are selected as a head candidate. The 
heuristic Voting algorithm assigns points to the peaks 
according to associated characteristics of the peaks, and 
selects the peak receiving the greatest number of points. An 
exemplary heuristic Voting algorithm is described in detail in 
FIG. 7. The region of the image around the selected peak is 
then searched at step 290 to determine the position of the 
front edge of the head. The search region extends vertically 
downward from the point of the peak by an expected 
distance for the height of the head (e.g., six inches). The area 
forward of the peak (e.g., toward the front of the vehicle) is 
then searched to determine an edge of the occupants head. 
An edge can be defined as a point in which the intensity of 
the image changes by more than fifty percent for more than 
two consecutive pixels. 

0039. Once an edge is determined, a fine search is con 
ducted in the region of the determined edge at step 300. The 
search region is three-dimensional and extends around the 
coarse edge. The fine search is iterative, such that each time 
an edge is determined, a higher resolution virtual image can 
be generated to allow for a more refined edge location. The 
edge location gives the position of the head within the plane 
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of the image. The depth of the head can be determined 
according to the average disparity across the determined 
edge. 
0040. At step 310, it is determined if the occupants head 

is within a region of the vehicle interior in which it is 
desirable to actuate the occupant protection system in the 
event of a crash. If not (N), the occupant protection system 
is disabled for a brief time at step 320, for example, until the 
next iteration of the head tracking methodology 200. It will 
be appreciated that the head tracking methodology 200 can 
be performed in real time, such that the time in which the 
protection device is disabled can be minimized. The meth 
odology 200 then returns to step 210 to determine an 
updated head location. If the head is within the desired 
region (Y), the methodology 200 returns directly to step 210. 
0041 FIG. 6 illustrates a methodology 220 for generat 
ing a virtual image of a vehicle occupant from a plurality of 
images. For example, virtual images simulating a front view 
perspective and a side view perspective can be generated for 
the head tracking algorithm. The methodology begins at Step 
222, where a disparity image is generated from a set of the 
plurality of images. A method for producing disparity 
images is described in further detail in FIG. 2 above. The 
data in the disparity image is generated in coordinates 
associated with a camera used to obtain one of its plurality 
of constituent images. In an exemplary implementation, the 
camera coordinates represent a left-handed coordinate sys 
tem, where the x-axis is horizontal and positive toward the 
right side of image, the y-axis is vertical and positive toward 
the top of the image, and the Z-axis is normal to the image, 
aligned toward the region of interest. 
0042. The methodology 220 then advances to step 224, 
where a surface model of the occupant is constructed in 
vehicle coordinates from the depth image and its constituent 
images. This can be accomplished by translating the image 
data into a predefined vehicle coordinate system. In an 
exemplary implementation, the coordinate system is right 
handed, with the x-axis horizontal and positive toward the 
vehicle rear, the y-axis horizontal and toward the passenger 
side of the vehicle, and the Z-axis vertical and positive 
toward the roof of the vehicle. For example, the image can 
be rotated into the other coordinate system via a pixel-by 
pixel multiplication of the image by a transformation matrix 
selected to rotate between the known camera coordinate 
system and the predefined vehicle coordinate system. The 
transformation can include one or more correction coeffi 
cients to compensate for lens distortion and nonorthonormal 
eO. 

0043. The methodology 220 then advances to step 226, 
where the surface model is translated from vehicle coordi 
nates into a virtual camera coordinate systems associated 
with a desired perspective. This transformation matrix can 
be determined according to the desired perspective. It will be 
appreciated that the two transformation steps (224 and 226) 
can be combined into a single transformation matrix to 
conserve processing resources. 
0044) In accordance with an aspect of the present inven 
tion, a specialized mapping pattern can be utilized to main 
tain the integrity of the image data during the transforma 
tion. For example, Some pixels from the model can shift 
position as to overlap or separate from connected pixels. 
This problem is exacerbated when the image model is 
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formed from relatively low resolution disparity data. When 
the disparity data is taken from a concave object (e.g., a 
human head or torso), the data should be Smooth and 
continuous in all three dimensions and should remain so 
from any given perspective. Accordingly, a given pixel from 
the occupant Surface model can be mapped to a pattern of 
multiple pixels in the new perspective to generate a 
Smoother and more complete image. Exemplary patterns 
include a four or more pixel ZigZag pattern (e.g., a series of 
offset lines of the same width), and a four or nine pixel 
square pattern. It will be appreciated that a mapping pattern 
can be selected according to the desired perspective of the 
virtual image. For example, the ZigZag pattern has been 
determined to be effective in generating the side view image, 
while the square patterns have been found to be especially 
effective for generating a front view image of the occupant. 

0045. The methodology then advances to step 228, where 
the Surface model is projected into a parallel virtual camera 
plane associated with a desired virtual camera position. For 
example, a virtual camera image from a front view of the 
occupant can be determined by projecting the model data 
representing the front of the occupant onto a predefined 
plane normal to the X-axis in the vehicle coordinates. Simi 
larly, a virtual camera image representing a side view of the 
occupant can be determined by projecting the model data 
representing the side of the occupant onto a predefined plane 
normal to the y-axis in the vehicle coordinates. 
0046 FIG. 7 illustrates an exemplary methodology 270 
for selecting between a plurality of head candidate peaks in 
accordance with an aspect of the present invention. The 
methodology 270 begins at step 272, where a plurality of 
points are assigned to each peak according to the associated 
height of the peak. For example, the ratio of the height of the 
peak above a minimum threshold to a determined maximum 
height range can be determined and multiplied by one 
hundred to obtain a point value for each peak. Accordingly, 
each peak can receive between Zero to one hundred points 
based on its height relative to the threshold height. 
0047. The methodology 270 then proceeds to step 274, 
where points are assigned to the peaks according to their 
position relative to the centroid of the grouping of pixels 
comprising the peaks. For example, the peak whose width 
encompasses the centroid can be assigned fifty points. The 
methodology 270 then advances to step 276, where points 
are assigned to the peaks according to the determined front 
view width of the peak. For example, a front view of the 
occupant can be produced at the virtual image generator and 
a portion of the front view image corresponding to each peak 
can be determined. A width of each peak can be determined 
from the front view image and compared to a normal range 
of widths from adult human heads (e.g., 100-200 mm.). Any 
peaks having a front view width within the range of normal 
front view head widths can be assigned fifty points. 

0048. The methodology 270 then advances to step 278, 
where points are assigned to the peaks according to their 
solidity. The solidity of a given peak can be determined 
according to the proportion of the side view blob that is filled 
in the generated side view disparity image. For example, the 
peak having the largest proportion of the side view blob 
filled can be assigned fifty points. The methodology 270 
then advances to step 280, where points are assigned as to 
reward a smoothness in the trajectory of the head between 
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iterations. For example, the head candidate closest to the 
previous head candidate can be awarded fifty points. The 
methodology then advances to step 282, where the peak 
having the largest total number of points is selected as the 
head candidate. 

0049. It will be appreciated that the above methodology 
is exemplary and the individual rules and point allocations 
can vary. In short, a guiding principle of the exemplary 
Voting arbitration methodology is that the rules should 
award points to object resembling a human head, and detract 
points from objects that resemble other common objects 
within the environment of interest (e.g., a vehicle interior). 
0050. A nonexhaustive list of other rules that can be 
applied can include awarding points according to a com 
parison of the spread of the head peak to a threshold range, 
awarding or Subtracting points a comparison of the steepness 
(e.g., rate of decline) of the head peak to threshold minimum 
and maximum values, Subtracting points according to the 
size of the front edge of the head peak, and awarding points 
according to the position of the head peak relative to a 
candidate shoulder of the occupant. One skilled in the art 
will recognize other Such rules that can be used in discrimi 
nating a human head within an image from a plurality of 
head-like objects within the image. 
0051 FIG. 8 illustrates a computer system 400 that can 
be employed to implement systems and methods described 
herein, Such as based on computer executable instructions 
running on the computer system. The computer system 400 
can be implemented on one or more general purpose net 
worked computer systems, embedded computer systems, 
routers, Switches, server devices, client devices, various 
intermediate devices/nodes and/or stand alone computer 
systems. Additionally, the computer system 400 can be 
implemented as part of the computer-aided engineering 
(CAE) tool running computer executable instructions to 
perform a method as described herein. 
0052 The computer system 400 includes a processor 402 
and a system memory 404. A system bus 406 couples 
various system components, including the system memory 
404 to the processor 402. Dual microprocessors and other 
multi-processor architectures can also be utilized as the 
processor 402. The system bus 406 can be implemented as 
any of several types of bus structures, including a memory 
bus or memory controller, a peripheral bus, and a local bus 
using any of a variety of bus architectures. The system 
memory 404 includes read only memory (ROM) 408 and 
random access memory (RAM) 410. A basic input/output 
system (BIOS) 412 can reside in the ROM 408, generally 
containing the basic routines that help to transfer informa 
tion between elements within the computer system 400, such 
as a reset or power-up. 

0053. The computer system 400 can include a hard disk 
drive 414, a magnetic disk drive 416 (e.g., to read from or 
write to a removable disk 418) and an optical disk drive 420 
(e.g., for reading a CD-ROM or DVD disk 422 or to read 
from or write to other optical media). The hard disk drive 
414, magnetic disk drive 416, and optical disk drive 420 are 
connected to the system bus 406 by a hard disk drive 
interface 424, a magnetic disk drive interface 426, and an 
optical drive interface 434, respectively. The drives and their 
associated computer-readable media provide nonvolatile 
storage of data, data structures, and computer-executable 
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instructions for the computer system 400. Although the 
description of computer-readable media above refers to a 
hard disk, a removable magnetic disk and a CD, other types 
of media which are readable by a computer, may also be 
used. For example, computer executable instructions for 
implementing systems and methods described herein may 
also be stored in magnetic cassettes, flash memory cards, 
digital video disks and the like. 
0054) A number of program modules may also be stored 
in one or more of the drives as well as in the RAM 410, 
including an operating system 430, one or more application 
programs 432, other program modules 434, and program 
data 436. 

0055. A user may enter commands and information into 
the computer system 400 through user input device 440, 
Such as a keyboard, a pointing device (e.g., a mouse). Other 
input devices may include a microphone, a joystick, a game 
pad, a scanner, a touch screen, or the like. These and other 
input devices are often connected to the processor 402 
through a corresponding interface or bus 442 that is coupled 
to the system bus 406. Such input devices can alternatively 
be connected to the system bus 406 by other interfaces, such 
as a parallel port, a serial port or a universal serial bus 
(USB). One or more output device(s) 444, such as a visual 
display device or printer, can also be connected to the system 
bus 406 via an interface or adapter 446. 
0056. The computer system 400 may operate in a net 
worked environment using logical connections 448 to one or 
more remote computers 450. The remote computer 448 may 
be a workstation, a computer system, a router, a peer device 
or other common network node, and typically includes many 
or all of the elements described relative to the computer 
system 400. The logical connections 448 can include a local 
area network (LAN) and a wide area network (WAN). 
0057 When used in a LAN networking environment, the 
computer system 400 can be connected to a local network 
through a network interface 452. When used in a WAN 
networking environment, the computer system 400 can 
include a modem (not shown), or can be connected to a 
communications server via a LAN. In a networked environ 
ment, application programs 432 and program data 436 
depicted relative to the computer system 400, or portions 
thereof, may be stored in memory 454 of the remote 
computer 450. 

0.058 From the above description of the invention, those 
skilled in the art will perceive improvements, changes, and 
modifications. Such improvements, changes, and modifica 
tions within the skill of the art are intended to be covered by 
the appended claims. 

Having described the invention, the following is claimed: 
1. A method for identifying a position of an object of 

interest from a plurality of images, comprising the steps of 
obtaining at least one image from each of a plurality of 

cameras, each camera having an associated perspective 
of a subject of interest; 

translating image data from the plurality of images to 
produce at least one virtual image of the vehicle 
interior, each virtual image having a desired perspec 
tive different from that of the associated perspectives of 
the plurality of cameras; 
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locating candidate objects within the at least one virtual 
image; and 

analyzing the candidate objects according to a heuristic 
voting algorithm to identify the position of the object of 
interest. 

2. The method of claim 1, wherein one of the at least one 
virtual images is a side view virtual image having a side 
view perspective of the subject of interest. 

3. The method of claim 2, the step of locating candidate 
objects within the at least one virtual image comprising 
identifying a largest grouping of pixels in the side view 
virtual image having values within a desired range, the 
grouping comprising a plurality of pixel columns. 

4. The method of claim 3, the step of locating candidate 
objects within the at least one virtual image further com 
prising: 

generating a contour comprising uppermost pixels of each 
pixel column; and 

locating peaks within the contour. 
5. The method of claim 4, wherein the step of locating 

peaks within the contour comprises low pass filtering the 
generated contour with a low pass filter having a width 
approximating the expected width of an adult human head 
within the image. 

6. The method of claim 1, further comprising locating an 
approximate location for a front edge associated with the 
identified position of the candidate object. 

7. The method of claim 6, further comprising iteratively 
refining the location of the front edge until a desired degree 
of accuracy is achieved. 

8. The method of claim 1, further comprising controlling 
an occupant protection system according to the identified 
position of object of interest. 

9. The method of claim 1, wherein the step of translating 
image data to produce a virtual side view image comprises: 

constructing a disparity image from the plurality of 
images: 

constructing a surface model of the Subject of interest in 
a global coordinate system; 

transforming the Surface model into a camera coordinate 
system associated with the desired perspective; and 

projecting the Surface model onto an image plane asso 
ciated with the desired perspective. 

10. The method of claim 9, transforming the surface 
model into a camera coordinate system associated with the 
desired perspective comprises mapping individual pixels in 
the surface model to a multiple pixel pattern within the 
virtual side view image. 

11. The method of claim 1, wherein one of the at least one 
virtual images is a front view virtual image having a front 
view perspective of the subject of interest. 

12. The method of claim 1, further comprising the steps 
of: 

segmenting a portion of the virtual image representing the 
object of interest from the virtual image; and 

providing the segmented portion of the virtual image to a 
pattern recognition classifier. 

13. A system for controlling an actuatable occupant pro 
tection system comprising: 
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an image generator that generates at least two images of 
a vehicle occupant; 

a virtual image generator that produces a virtual side view 
image of the vehicle occupant from the generated 
images: 

a blob finder that selects a largest grouping of pixels in the 
virtual side view image; 

a peak identifier that locates a plurality of peaks along the 
uppermost contour of the selected grouping of pixels; 
and 

an arbitrator that selects one of the plurality of peaks 
according to determined characteristics of the peaks. 

14. The system of claim 13, further comprising a contour 
generator that locates the uppermost contour of the largest 
grouping of pixels. 

15. The system of claim 14, further comprising a low pass 
filter that smoothes the located uppermost contour, the low 
pass filter having a width approximating the expected width 
of an adult human head within the image. 

16. The system of claim 13, further comprising a coarse 
edge search component that locates a frontward edge asso 
ciated with the selected peak. 

17. The system of claim 16, further comprising a fine edge 
search component that iteratively refines the location of the 
front edge until a desired degree of accuracy is achieved. 

18. The system of claim 13, further comprising a disparity 
processing component that generates a stereo disparity map 
from the at least two images, the virtual image generator 
using the Stereo disparity map to generate the virtual side 
view image. 

19. The system of claim 13, further comprising an occu 
pant protection system control that controls the actuation of 
the occupant protection system according to a location 
associated with the selected peak. 
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20. A computer program product, implemented in a com 
puter readable medium and operative in a data processing 
system, controlling an actuatable occupant protection sys 
tem, comprising: 

a virtual image generator that translates image data from 
a plurality of images to produce a virtual side view 
image of the vehicle interior; 

a blob finder that identifies a largest grouping of pixels in 
the side view image; 

a contour generator that identifies an uppermost contour 
of the largest grouping of pixels; 

a peak identifier that locates peaks within the contour; and 
a voting arbitrator that analyzes the contour peaks accord 

ing to a heuristic Voting algorithm to identify a peak 
location associated with the head of the vehicle occu 
pant. 

21. The computer program product of claim 20, further 
comprising a disparity processing component that generates 
a stereo disparity map from the at least two images, the 
virtual image generator using the stereo disparity map to 
generate the virtual side view image 

22. The computer program product of claim 20, further 
comprising a system control that controls the actuation of 
the occupant protection system according to a location 
associated with the identified peak location. 

23. The computer program product of claim 20, further 
comprising a coarse edge search component that locates a 
frontward edge associated with the identified peak location. 

24. The computer program product of claim 23, further 
comprising a fine edge search component that iteratively 
refines the location of the front edge until a desired degree 
of accuracy is achieved. 
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